. ARF, acute renal failure; CKD, chronic kidney disease.
able, and both equations are more sensitive than measurement of serum creatinine alone. Diabetes mellitus and hypertension are the 2 most frequent causes of CKD in the general population. They increase the CKD risk 10-fold and account for 71% of all ESRD cases [3, 9] . Diabetes and hypertension are increasingly common among persons with HIV infection. The prevalence of diabetes was 14% in the Multicenter AIDS Cohort Study, 4-fold higher than in seronegative control persons [10] , and was associated with cumulative exposure to nucleoside reverse-transcriptase inhibitors but not protease inhibitors (PIs) [11, 12] . Among those included in the Multicenter AIDS Cohort Study, the prevalence of hypertension is 3-fold higher than in age-and sex-matched control persons (34.2% vs. 11.9%; ), and hypertensive P ! .001 persons with HIV infection are more likely to have insulin resistance and metabolic syndrome (64.3% vs. 16.9%; P ! ) [13] . In a cross-sectional analysis of 129 HIV-infected .001 patients with CKD, the prevalence of documented hypertension and the prevalence of diabetes mellitus were 55% and 20%, respectively [14] , which underscores the importance of optimizing blood pressure and achieving glycemic control as a means of minimizing the impact of CKD concomitant with HIV infection.
Race is an important risk factor for CKD. Black persons comprise 10% of the general population in the United States but account for 130% of patients with ESRD [3] . Young, male blacks have an 11-fold increased risk of CKD, compared with their white counterparts [15] . Five new cases of ESRD develop for every 100 cases of CKD in black persons, whereas only 1 new ESRD case develops for every 100 cases of CKD in whites [16] . The burden of kidney disease in black persons with HIV infection, compared with their HIV-infected white counterparts, is similarly disproportionate. Among persons with HIV infection who receive dialysis, 91% are black [3] . Black race increases the risk of microalbuminuria and proteinuria by at least 2-fold [17, 18] . In a comparison between blacks and whites in an analysis of 12 million patients who received care through the Veterans Administration system, the multivariate hazard ratio for ESRD in HIV-infected persons was 4.56 (95% CI, 3.44-6.05) [19] . The natural history of CKD is also considerably more aggressive in HIV-infected blacks than in whites. Among 4259 patients observed in the Johns Hopkins HIV Clinical Cohort from 1990 through 2004, the risk for incident CKD was 2-fold higher among blacks (hazard ratio 1.9; 95% CI, 1.2-2.8). After CKD diagnosis, however, the decrease in GFR was 6-fold more rapid among blacks, which dramatically increased the likelihood of progression to ESRD (hazard ratio, 17.7; 95% CI, 2.5-127) [20] .
The aging of an HIV-infected population is another important pathway by which the incidence of CKD can be expected to continue to increase. GFR normally decreases with age. The prevalence of CKD in the elderly population now approaches 50% [21] . Other risk factors for CKD in HIV-infected patients are high viral load, low CD4 + lymphocyte count, and hepatitis C virus coinfection [17] . The importance of recognizing CKD is underscored by the strong correlation between CKD and both morbidity and mortality. In the HIV Epidemiology Research Study, proteinuria or an elevated serum creatinine level was associated with an increased risk of hospitalization and mortality [22, 23] . In the Women's Interagency HIV Study, elevated creatinine level and proteinuria were similarly predictive of an increased risk of an AIDS-defining illness and mortality [24] .
Acute renal failure (ARF) in HIV-infected persons. ARF is highly prevalent among persons with HIV infection and, like CKD, is linked to morbidity and mortality. Major risk factors are the same as in the general population, including older age, preexisting CKD, serious systemic illness or infection, and exposure to nephrotoxic agents [25, 26] . Liver disease and low CD4 + cell count also increase the risk of ARF among HIVinfected persons. Table 1 lists antivirals and antibiotics with nephrotoxic potential that are commonly used in treatment of HIV-infected patients. Ten percent of patients in a large ambulatory clinic experienced at least 1 episode of ARF over a 2-year period [25] . More than one-half of these episodes were attributed to underlying infections, 76% of which were AIDS-defining illnesses, and almost three-quarters of them necessitated hospitalization. Drug-related complications accounted for nearly one-third of cases-the conventional nephrotoxin amphotericin was most common-and liver disease accounted for 10% of cases. In an analysis of administrative data from 12 million hospital discharges in New York State, HIV infection was associated with a 2.8-fold increase in documented ARF cases [26] . In-hospital mortality was increased nearly 6-fold among HIV-infected patients with documented ARF.
IMPACT OF ANTIRETROVIRAL THERAPY (ART) ON RENAL FUNCTION
Proper selection and dose-adjustment of antiretrovirals and other commonly used drugs for patients with kidney disease are important components of care for patients with HIV infection. Tables 2 and 3 summarize the nephrotoxic potential of antiretroviral agents and their recommended dose adjustments for those with kidney disease. Isolated case reports of nephrotoxicity have been reported with almost all agents, but renal disease has been associated with indinavir and tenofovir more often than with other drugs [27, 28] .
Indinavir causes nephrolithiasis and chronic interstitial nephritis in as many as 12% of patients who receive it. The mainstay of prevention of this condition is adequate hydration, with intake of at least 1.5 L of noncaffeinated fluid. One report described 4 cases of renal colic and nephrolithiasis in patients who received lopinavir-ritonavir treatment, but a causal effect was not established [29] . Three cases of kidney stones containing atazanavir have been reported, and a review of the US Food and Drug Administration adverse event reporting system detected 12 additional confirmed cases [30] [31] [32] [33] . Most cases required hospitalization for pain relief and stent insertion, percutaneous nephrostomy, lithotripsy, or endoscopic surgical extraction. Predisposing factors are unknown, and the drug was discontinued in most but not all cases.
The association of tenofovir with kidney disease has been an area of interest since the drug underwent preclinical testing, because of its structural similarity to adefovir and cidovir. These acyclic nucleotide analogues are excreted by renal tubule cell uptake and secretion [34] . Cidofovir at therapeutic doses can cause ARF, and a high incidence of ARF was noted when adefovir was tested for treatment of HIV-1 infection at dosages of 120 mg per day, which is 10-fold higher than the dosage for treating hepatitis B virus infection. Both agents induce proximal renal tubule cell damage, clinically characterized by phosphaturia, a modest amount of proteinuria ("tubule" proteinuria), and increases in serum creatinine [35, 36] . Consequently, considerable attention has been paid to the incidence of ARF or long-term reductions in GFR that are induced by tenofovir, with use of data from phase II, III, and IV clinical trials; expanded access programs before drug approval; and observational cohort studies. Case reports of tenofovir-induced ARF do exist, sometimes associated with proteinuria, hypohosphatemia, euglycemic glycosuria, hypouricemia, hypokalemia, or metabolic acidosis. This is known as Fanconi syndrome when most or all components are present.
In fact, tenofovir-associated renal dysfunction is a rare event in prospective clinical trials, particularly among ART-naive patients. No significant change in GFR was demonstrated in a comparison of tenofovir versus stavudine in combination with lamivudine-efavirenz [37] or in a comparison of tenofoviremtricitabine versus fixed-dose zidovudine-lamivudine with efavirenz in ART-naive patients during 144 weeks of treatment [38] . Adverse renal events did not develop in a subgroup analysis of blacks in these 2 trials [39] . In the Development of Antiviral Therapy trial, which exclusively comprised patients from Uganda and Zimbabwe, 2469 (74%) of the 3316 enrolled patients received first-line ART with tenofovir and zidovudinelamivudine. The overall incidence of severe reduction in GFR was low (1.6%), and no difference in renal safety endpoints was detected between the regimens [40] . Decreases in GFR in tenofovir-treated patients have been reported. In the Johns Hopkins Cohort, GFR decreased to a greater extent in tenofovir-treated patients than in non-tenfovir-treated patients (19 vs. 11 mL/min), an effect restricted to treatment-experienced patients [41] . Treatment-experienced patients could be more sensitive to adverse effects of tenofovir, more likely to experience adverse drug interactions, or more likely to develop kidney disease because of advanced HIV disease and its attendant comorbidities. The HIV Outpatient Study compared the renal outcomes of 593 tenofovir-treated subjects and 521 HAART-treated subjects who did not receive tenofovir. Tenofovir was associated with a small but statistically significant decrease in GFR, but only 1.1% of tenofovir-treated patients discontinued the drug because of adverse renal events [42] .
Area under the curve for tenofovir is increased when it is combined with ritonavir-boosted PIs. One explanation has been that boosted PIs increase tenofovir's nephrotoxic potential by competing for the same renal transporters, thus impairing its tubule secretion, but recent studies do not support such a mechanism [43] . In 1 study involving ∼140 subjects, a tenofovir-boosted PI regimen was associated with a 7-10 mL/min greater decrease in GFR over 48 weeks, compared with a tenofovir-nonnucleoside reverse-transcriptase inhibitor or nontenofovir-containing regimen [44] . A higher proportion of tenofovir-treated patients in that report were treatment experienced, which perhaps contributed to those observations. In another study, 53 patients treated with tenofovir and boosted atazanavir after multiple prior treatment failures experienced a 7.8 mL/min decrease in GFR over 48 weeks [45] , but control individuals were not studied. In an observational study of 445 tenofovir-treated patients observed for a mean of 13 months, GFR decreased a mean of 7 mL/min, and 2% of patients experienced a decrease in GFR to !60 mL/min. Concurrent use of didanosine or amprenavir increased the risk of a decrease in GFR [46] . Again, the change in GFR in non-tenofovir-containing regimens was not reported.
Several reports support the renal safety of tenofovir-boosted PI regimens. When tenofovir was coadministered with either atazanavir-ritonavir or lopinavir-ritonavir in heavily treatmentexperienced patients, the rate of drug discontinuation attributable to renal disease was 1.3% [47] . A similar rate of drug discontinuation (1%-2%) was observed when lopinavir (800 mg) plus ritonavir (200 mg) once per day was compared with 400 mg/100 mg twice per day and when fosamprenavir-ritonavir was compared with atazanavir-ritonavir, all in combination with tenofovir-emtricitabine [48, 49] . In the CASTLE Study-which compared atazanavir-ritonavir at 300 mg/100 mg once per day with lopinavir-ritonavir at 400 mg/100 mg twice per day, both with fixed-dose tenofovir-emtricitabinethe rate of adverse event-related drug discontinuations was low (2% and 3%, respectively) [50] . The impact of a potential interaction between boosted PIs and tenofovir was specifically analyzed in the HIV Outpatient Study cohort by comparing renal function in 300 tenofovir-treated patients who received either nonnucleoside reverse-transcriptase inhibitors or boosted PIs (atazanavir or lopinavir). The 12-month intrapatient change in rate of creatinine clearance was not different between groups [51] .
Data on the safety of tenofovir among patients with CKD is very limited. A small historical case series of 13 persons with CKD (median creatinine level, 1.7 mg/dL; median creatinine clearance, 56 mL/min; median GFR, 49 mL/min/1.73 m 2 ) who received tenofovir for a median of 13 months showed a confirmed increase in National Kidney Foundation stage in 2 persons [52] . Eleven of 13 patients received an inappropriately high daily dosage of tenofovir, but limited median 12-month changes in creatinine clearance level or GFR were observed (+2.9 mL/min and +3.7 mL/min/1.73m 2 , respectively). Several patients had significant improvement in measured renal function.
All of these data show low absolute rates of drug discontinuation caused by renal dysfunction (0%-2%) or no differences in severe renal adverse events when tenofovir-containing regimens are compared with regimens not containing tenofovir [53] [54] [55] . GFR can decrease 7-10 mL/min over the course of 1 year in tenofovir-treated patients, but in most studies, the increase in serum creatinine level was too small to be identified as clinically significant (∼0.05 mg/dL), GFR remained in the normal range, and the rate of drug discontinuation was not greater for patients who received tenofovir. If the decrease in GFR were to continue for many years, it would have serious clinical implications, but no such trend has been reported. These data underscore the importance of carefully screening patients for preexisting renal disease, of following recommendations for appropriate dosage adjustments in patients with renal impairment, and of closely monitoring patients for changes in renal function. From the renal safety perspective, it would be prudent to seek an alternative and equally effective agent for patients who initiate ART with impaired kidney function (GFR, !60 mL/min), although other safety issues must also be considered. 
TREATING HIV-INFECTED PATIENTS WITH CKD
Kidney function should be assessed according to existing Infectious Diseases Society of America guidelines [28] . All patients should have a screening urinalysis and a calculated estimate of GFR. Those at high risk for kidney disease (i.e., those with black race, CD4 + count !200 cells/mm 3 , HIV RNA levels 14000 copies/mL, diabetes, hypertension, or coinfection) should be screened annually to detect subtle changes over time. The standard urinary dipstick is a sufficient screen for proteinuria, but diabetic patients must be tested for microalbuminuria, defined as urinary albumin excretion of 30-300 mg/mg creatinine, a range not detected using conventional dipsticks [56] . Microalbuminuria in diabetic patients predicts subsequent decreases in GFR, and treatment with angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers is indicated [57] . Microalbuminuria in nondiabetic patients has been linked to future cardiovascular events [58] , a risk that may be modified by angiotensin-converting enzyme inhibitors or angiotensinreceptor blockers [59] . Several issues warrant further study when considering routine testing for microalbuminuria in nondiabetic patients with HIV infection: the reproducibility of the measurements, their proper timing (before or after initiation of ART), and proven benefits of long-term treatment with angiotensin-converting enzyme inhibitors or receptor blockers.
The general approach to diagnosing the cause of kidney disease is to seek reversible causes. Information obtained through the patient history and physical examination should be supplemented by a urinalysis to quantify protein excretion and to test for urinary cells and casts, as well as a renal sonogram to assess kidney size and structure. Additional testing should be individualized (figure 1). A kidney biopsy should be strongly considered for patients with unexplained kidney disease, especially those with heavy proteinuria or reduced GFR, because they are at the greatest risk of ESRD. It is difficult to predict which disease may be affecting the kidneys on clinical grounds alone, although in 1 center, HIVAN was considerably more common when viral load was 1400 copies/mL, whereas diseases such as hypertension, diabetes, or classic focal segmental glomerulosclerosis were more common when viral load was !400 copies/mL [60] . A special circumstance for a kidney biopsy exists when seeking the diagnosis of HIVAN in a HAART-naive patient with kidney disease, particularly when ART would not otherwise be warranted because of a CD4 + T cell count 1350 cells/mm 3 . Ongoing viral replication is directly responsible for the renal disease in HIVAN, and ART is recommended, irrespective of CD4 + T cell count, because it preserves kidney function and improves survival [5, 61, 62] .
For most patients, the most effective approach to CKD treatment is effective medical management of diabetes and hypertension. Blood pressure should be monitored at each office visit, and antihypertensive treatment should be targeted to a blood pressure !130/80 mm Hg [63] . Angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers are the drugs of first choice, because they reduce urinary protein excretion [57] and slow the progression to ESRD (figure 2). Beta-blockers or nondihydropyridine calcium channel blockers are alternatives, but their metabolism can be blocked by PIs. Most patients with hypertension and diabetes will require at least 2 antihypertensive medications to achieve optimal control of blood pressure [64] .
Glycemic control is critically important in delaying the progression of diabetic nephropathy. The American Diabetes As- Kidney disease tends to be asymptomatic and is usually not the primary focus of a visit to an HIV clinic [28] . The presence of kidney disease should be anticipated, and screening and proper interpretation of the relationship between serum creatinine level and GFR are recommended. Just as optimal control of HIV replication is achievable for most patients, so too is control of hypertension and diabetes. The future holds enormous opportunities for research in new markers for early detection of kidney disease, prevention strategies, novel therapeutics, and a better understanding of the interaction between black race and kidney disease.
